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(57) Abstract: A generator for variable length orthogonal spreading sequences with maximal length 2 k and spreading factor SF is 
composed by an input (1 1) for a k bits index, which assume values in the range 0..SF-1, a binary counter (14) with a k bits output, 
an apparatus (15) with two k bits inputs which combine in logical AND bit by bit the two inputs in reverse order, an adder (16) that 
sum "modulo 2" the output of the apparatus. As the counter runs, the adder generates a sequence of bits that represent the desired 
sequence. This sequence should be eventually transformed from binary to polar to obtain a ±1 -valued sequence. 
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The present invention relates to an innovative generator for orthogonal variable 
spreading factor (OVSF) codes. 

In the spectrum division communication systems, like CDMA systems used in cellular 
telecommunications, the communications between base stations and mobile stations 
are established using the so-called "spreading codes". Substantially, the base station 
assigns a given number of channels to each mobile station. The distinction between 
the channels is given by a spreading code, which identify the specific channel. It is 
known to be necessary to use orthogonal variable spreading factor codes to improve 
the efficiency of the bandwidth usage. Since different services require different 
spreading factors, it is necessary to generate orthogonal variable spreading factor 
sequences in the physical channels. Since the code generators must be in the mobile 
1 5 stations too, it is important to have simple and not encumbering generators. 

The objective of the present invention is to give an orthogonal variable spreading 
factor codes generator with a simple and reliable structure. 

With this objective in mind, we have thought to realise, as described in the invention, 
an orthogonal variable spreading factor sequences generator with maximal length 2 k 

20 and spreading factor SF, composed by an input for a k bits index, which assume 
values in the range 0..SF-1; a binary counter with a k bits output; an apparatus with 
two k bits inputs and a k bits output which combine in logical AND bit by bit in 
reverse order the two inputs, connected respectively to the index input and the counter 
output; an adder that sum "modulo 2" the output of the apparatus. The adder output is 

25 a 0-1 sequence that represents the desired sequence generated as the counter runs. 

To make clear the innovations in this invention and the advantages on the prior art, in 
the following will be described, with the help of the enclosed picture, a possible 
implementation of these principles. 

In the picture is shown a generator, generally indicated with 10, that receives a given 
index at an input 11, a spreading factor SF at another input 12 and generate an 
orthogonal variable spreading factor sequence at the output 13. The generator is 
essentially based on a circuit including a binary counter 14 (feed by a clock generator 
19), an apparatus 15 that combines the index and the output of the counter as will be 
explained in the following, a modulo 2 adder 16. The output of the adder will be a 0/1 
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sequence, to whom will be eventually applied a binary to polar translator 17 to obtain 
a +1/-1 sequence. 

The counter should take advantage from an initialisation input 20 to which an index in 
the range 0..2 k -1 from where it is desired to start the generation of the sequence and a 
5 maximum count index 21 in which the maximum number to reach will be given. 

If the indexes will assume values in the range from 1 to SF, the index input 1 1 will be 
initially decremented in a block 18 that will subtract 1 to the input before use it in the 
subsequent elaboration, so that it will be in the range 0..SF-1. 

As is shown in the figure, the input code index (eventually decremented by 1) will be 
10 given to the block 15. Here it will be combined bit by bit in reverse order with the 
output of the counter, so that the less significance bit (L) of the index will be 
combined with the most significance bit (M) from the counter; the second less 
significance bit of the index will be combined with the second most significance bit 
from the counter, and so on. The combination will be done with a logical AND. The 
15 bits so obtained will be added modulo 2 to give only one bit in output. If necessary, 
this bit will be transformed in the block 17 to assume +1 or -1 values. 
Typically the counter will start from 0 to count to SF-1 . To establish an upper limit to 
the counting process, the value SF received at the input 12 will be loaded as the upper 
limit in the counter. 

20 To explain the process with an example, suppose to need to generate the sequence 
identified by SF=16 and k=6. If the index is assuming values in the range from 1 to 
SF, the decrement block 18 will produce a new index k— 5, that will be binary 
represented as 0101. The number of bits used for the binary representation of k' and 
the output of the counter is given by log2 SF, in this example four bits. To generate 

25 codes with maximal length SF Ma x = 2 k a k bits counter and a k elements adder will be 
enough. In practice, the counter and the adder will be dimensioned to be able to 
generate codes of the maximal length desired. 

The index k-0101 is combined in AND bit by bit to the counter output, which vary 
from 0000 to 1111 (binary version of SF-1 = 15 in decimal). The result of this 
30 combination is added modulo 2 in the block 1 6 and the resulting bit is transformed in 
the block 1 7 to obtain the sequence at the output 13. 
The following table makes clear the overall process: 
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In the preceding example we have supposed to start counting from 0000, so 
generating a sequence from his first element. It is possible to generate a sequence 
starting from any element, simply initialising the counter with the index of the desired 
5 element k in k (assigning 0 to the first, 1 to the second, and so on). 

Now it is clear how we have reached our objective, giving a circuit that allows, with a 
small number of components, to produce sequences of spreading codes given the code 
index and the spreading factor. 

To everyone skilled in this art it is clear from the above description the possible 
10 practical use and the hardware that may be used to realise in practice the schema 
depicted in the figure. It is clear too that the method saves memory considerably with 
respect of the standard generation made recursively using a tree structure and requires 
a lower computational complexity. 

Obviously the preceding description of an instance using the innovative rules of this 
15 invention is only an exemplification of these innovative rules and therefore is not a 
limitation of their applicability. For example if the index k is numbered from 0 to SF- 
1 and not from 1 to SF, the input value k will be given directly in input to the AND 
block 15, without any decrement. If the maximum value for the counter is fixed and 
invariable, the input 12 could be deleted and the counter realised to only up to this 
20 maximum value. In the same way the input 20 could be deleted if it is not desired to 
have the possibility to decide the starting point of the sequence. 
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Claims 



1. Orthogonal variable spreading sequences generator with maximal length 2* and 
spreading factor SF, composed by an input for a k bits index, which assume values 

5 in the range 0..SF-1; a binary counter with a k bits output; an apparatus with two k 

bits inputs and a k bits output which combine in logical AND bit by bit in reverse 
order the two inputs, connected respectively to the index input and the counter 
output; an adder that sum "modulo 2" the output of the apparatus. The adder 
output is a 0-1 sequence that represents the desired sequence generated as the 
10 counter runs. 

2. A generator, as set forth in claim 1 , wherein the counter has an initialisation input 
which allows to start counting from any value k\ nn in the range from 0 to 2 k -l . 

15 3. A generator, as set forth in claim ], wherein the input index is initially 
decremented in a block that subtract 1, so to allow the index to be in the range 
from 1 to SF instead in 0..SF-1. 



4. A generator, as set forth in claim 1 , wherein the output of the modulo two adder is 
20 connected to a block that transform from binary to polar co-ordinates, that change 

from 0 to 1 and from 1 to -1 the bits in the output sequence so to have a sequence 
that assumes only +1 or -1 values. 

5. A generator, as set forth in claim 1 , wherein the counter has an input to decide the 
25 maximum value to count, the spreading factor SF desired is applied to this input. 
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